T h e title is a n EITHER -O R q u e stio n . T h e p a p e r w ill p ro b a b ly rev eal th a t th e a n sw e r m u st b e BOTH -A N D .
In th is p a p e r a rep o rt w ill b e g iv e n o f th e w o rk w ith th e p ro je c t 'N o rw e g ia n le a rn e rs ' p ro b le m s w ith E n g lish p ro so d y . N o rw e g ia n -E n g lish i n t o n a t i o n T h e fo cu s w ill b e o n h in d ra n c e s m e t w ith , w h e n ch an g in g fro m an a u d itiv e to an ac o u stic a n aly sis o f in to n a tio n , a t th e sa m e tim e a s th e re w ill b e a n attem p t to s h o w h o w m o d e m rese a rc h c a n b e a h e lp to o v e rc o m e d iffic u ltie s. F in a lly , resu lts arriv ed at h n m a d e ta ile d stu d y o f th e u se o f p itc h ran g e b y W estern N o rw e g ia n s w ill b e p re se n te d an d co m p ared w ith o th e r stu d ies.
A n au d itiv e p h o n e tic e rro r an a ly sis o f th e in to n a tio n o f N o rw e g ia n stu d e n ts o f E n g lish w a s sta rte d so m e y ears ago. T h e m aterial u sed w a s a sele c tio n o f re a d in g s, c o n sistin g o f a 3 -m in u te s ' d ia g n o stic te s t fo r 1st term stu d en ts, c o lle cte d at E n g e lsk in stitu tt, U n iv e rsite tet i B e rg e n , from 1977 to 1989. R e su lts from the a u d itiv e an aly sis ( o f 160 sam p les, rep re sen tin g rea d e rs fro m all p a rts o f th e c o u n try ) h av e b e e n p u b lish e d e a rlie r (cf. L y sn e 1 9 8 5 ,1 9 8 8 ). A s it is g e n e ra lly a c k n o w le d g e d th at to rely o n ly o n au d ito ry an aly sis o f sp e ec h is n o t satisfacto ry , it w as tem p tin g to te st th e a u d itiv e resu lts in stru m e n tally . H o w ev er, in th e litera tu re , fo r in sta n c e in th e w o rk s o f th e 'D u tc h School* (cf. W illem s 1982; d e P ijp e r 1983; C o llie r 1989; an d t 'H art e t al. 1990) it is e m p h a siz e d th a t in stru m en tal a n a ly sis o f in to n atio n is fa r fro m sa tisfa c to ry , to o .^ In b rie f, th e 'D u tc h ' m e th o d o f an aly sin g in to n atio n a m o u n ts to sta rtin g w ith a d eta iled ac o u stic a n a ly sis o f th e fu n d am e n ta l to n e (F o ), th e p h y sical c o rre la te o f PITCH , w h ic h is w h a t w e h e a r as sp e ech m e lo d y o r INTONATION. B y th e aid o f aural co n tro l and sty lize d resy n th esiz ed c u rv e s C o llie r and T e rk e n (1 9 8 7 ) a rriv e at a 'clo se c o p y ' o f th e F o cu rv e b y e lim in a tin g ex c u rsio n s in th e o rig in al c u rv e w h ic h c a n b e d e le te d w ith o u t affectin g th e au d ito ry im p re ssio n o f 'sa m e n e s s '^a tu r a ln e s s . T h e ir 'c lo se c o p y ' v a ria n t 'm ain ly elim in ates th e M ic ro -in to n atio n a l m o d u la tio n s fro m th e F o c u rv e (cf. b e lo w ) an d resp e c ts w h a te v er v a ria tio n th e re is in th e o v e ra ll sh ap e o f th e in d iv id u al p itc h m o v e m e n ts ... ' (ib id . p . 166 ).
T h is k in d o f resea rch rev e a ls th a t th e re is a g re a t am o u n t o f irre le v a n t in fo rm a tio n in a n a c o u stic rep re sen tatio n o f in to n atio n , so m e th in g a lso u n d e rlin ed b y C ry stal (1 9 6 9 ) a n d G ib b o n (1 9 7 6 ) a m o n g o th ers. T h u s faced w ith in stru m e n ta l a n aly sis, th e in ex p e rie n c e d p e rfo rm e r c a n e a sily b e co n fu sed . H o w e v er, co n so la tio n is fo u n d in e.g . C o llie r (1 9 8 9 ). C o llie r a d v o c ate s th e 'p erc ep tu a l d e to u r', u n d e rlin in g stro n g ly th a t 'p erc e p tu a l v e rific a to n ' is o f m a jo r im p o rta n c e in th e a n a ly sis o f in to n atio n . It is ap p a re n t th a t so m e o f th e in fo rm a tio n in th e so u n d c u rv e th a t m a y b e la b e lle d irrelev an t m ay lie ab o v e th e fre q u e n c y th re sh o ld o f h e a rin g , b u t o u r p e rc e p tio n a p p a ra tu s se e m s to w o rk lik e a filter, ig n o rin g irre le v a n t sig n als. T h e co m p u te r, o n th e o th e r h a n d , d o e s n o t ig n o re an y th in g , and th is is w h e re th e p ro b le m s lie fo r an o n ly au d itiv ely tra in e d p h ilo lo g ist, w h o is u se d to d raw in g sim p le lin e s to illu strate in to n a tio n p a tte rn s (cf. fig. 1 ). N e v e rth e le ss, w h a t is p e rc e iv e d by a train ed ear, m a y p ro v e to b e ju s t w h a t is n e e d ed in a p ed ag o g ical situ a tio n . A c tu a lly , v e ry little e x p e rie n c e in stu d y in g so u n d c u rv e s o n th e P C is n eed ed in o rd e r to u n d e rstan d w arn in g s o r rec o m m e n d a tio n s lik e 'Y ou m u st rely o n y o u r e a r an d n o t o n w hat y ou see o n th e s c re e n ' (C ollier, p e tso n a l c o m m u n ic a tio n ), and T r u s t y o u r e a r ' (D ick so n , p erso n al c o m m u n icatio n ). 
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Extralinguistic and practical problems
B e fo re lo o k in g at w h a t is p e rc e iv e d o f th e sp e ec h sig n a l (o r h o w w e p e rc e iv e ), it m ig h t b e u seful to lo o k a t e x tra lin g u istic an d p rac tic a l h in d ra n c e s e n c o u n te re d in d ig itiz in g sp e e c h (an d in aco u stic an aly sis):
A t th e w o rst, s ig n a ls d ig itiz e d an d ^)p e a rin g o n th e sc re e n m ig h t re p re sen t n o ise fro m the e q u ip m e n t u se d . F u rth e r, u n s a tis fa c to ry q u a lity o f th e o rig in al ta p e re c o rd in g m ig h t b e a p ro b lem in c a se th e m a te ria l w a s n o t m e a n t to b e u se d fo r a c o u stic an aly sis.^ W ro n g c lo c k ^)e e d o f th e PC in re la tio n to sp e e c h te m p o m ig h t b e a n o th e r p ro b lem .^ In th is la st case ca u tio u s a d ju stm en t is e s se n tia l in o r d e r to secu re c o rre c t an d id en tic a l p ro ce ssin g o f all th e m aterial. It is th e d ig itiz in gp r o c e s s w h ic h is se n sitiv e to c o rre c t clo c k sp e ed , th e p ro c e ss o f an a ly sis o f d a ta is n o t affected.
T h e F o lim its o f th e n o rm al h u m a n v o ic e are w ell k n o w n , a s are a lso th e p erc ep tu al lim its o f tcmal fre q u e n c y (cf. L a d e fo g e d 1972). H o w e v er, in rela tio n to th e p e rc e p tio n o f r u n n in g s p e e c h G a r k a n d Y a llo p (1 9 9 0 ) stro n g ly u n d e rlin e th a t p e rc e p tio n is relativ e. T h is a lso ap p lie s to 'th e p e rce p tio n o f so u n d , stu d ie d u n d e r th e h ea d in g o f PSYCHOACOUSTICS' (ib id . p .2 0 8 ). C o n c ern in g this p ro b le m t 'H a rt e t al. (1 9 9 0 :1 0 ) m a in ta in th a t '...th e p sy c h o a c o u stic a lly d e fin ed th re sh o ld s d o n o t 142 a cco u n t fo r th e selectiv e se n sitiv ity o f th e lis te n e r w h en e x tra ctin g p itc h in fo rm a tio n fro m th e sp e e c h s ig n a l .... th e lis te n e r a p p lies se le c tiv e a tte n tio n in th e p e rc e p tio n o f p itc h in s p e e c h '. F ro m w h a t h as b een said a b o v e o n e m ig h t c o n c lu d e th a t th e c o m p u te r w ith its a c o u stic a n a ly sis b rin g s fo rth an d sh o w s d e ta ils in an F o c u rv e w h ic h are lin g u istica lly irre le v a n t an d w h ic h w e are lia b le to ig n o re as listen e rs.
W h a t w e p e rc e iv e o f to n e in sp e e c h d e p e n d s o n se v era l fac to rs. Q u a n tity /tim in g is a d e c isiv e factor.^ A c c o rd in g to F a y (1 9 6 6 :1 6 ) 'T im e ... is e x te n siv ely in v o lv e d in th e m a n y p h a se s o f th e to tal au d ito ry p ro cess. ' G ib b o n (1 9 7 6 :5 2 ) say s 'P ro so d ic fe a tu r e s ... are g e n e ra lly defiried w ith refe re n c e to th e tim e d im e n s io n ,... w h ic h lea d s to th e v e x e d q u e stio n o f th e lin g u istic re le v a n c e o f static tra jec to rie s o r p o in ts in tra jec to rie s co m p a re d w ith d y n a m ic tra je c to rie s '. G ib b o n (ila d . p . 5 5 ) also sa y s 'p itch p e rc e p tio n req u ires at le a s t 2 0 -2 5 m se c s e v e n fo r sta tic tra je c to r ie s .... an d th u s c a n n o t b e ab stracted from th e tim e d im e n s io n '. G ib b o n 's 'v e x e d q u e stio n ' re fe rs to th e fa c t th a t i f a m o v in g to n e ( 'd y n am ic tra je c to ry ') o c c u rs im m e d ia te ly b e fo re o r a fte r a lev e l to n e ( 'sta tic tra je c to ry ') it is th e relativ e d u ratio n o f th e tra je c to rie s w h ic h d e te rm in e s w h e th e r w e h e a r a m o v in g to n e o r a lev e l to n e (cf. B ran d t 1976). A su d d e n p e a k o f sh o rt d u ra tio n is n o t h e a rd in a s m o o th se q u en c e .
In th e p rese n t stu d y it h a s b ee n n e c e ssa ry to ta k e in to a c co u n t the tim e d im e n sio n e sp e c ia lly w h e n clean in g F o cu rv es. T h is is n e c essa ry in c a se s w h e re th e sh ap e o f d ie c u rv e d o e s n o t c o rre sp o n d w ith w h a t w e h e a r o f TO N E w h e n lis ten in g to th e sig nal. F ro m w h a t h a s b e e n sta te d so fa r it sh o u ld b e c le a r th a t it m ig h t b e n e c e s s a ry fairly o fte n to re p a ir o r c le a n th e a c o u stic c u rv e , w h ic h c a n co n ta in su c h a lo t o f fau lty in fo rm a tio n , in o rd e r to m a k e it a p p e a r m o re lik e w h a t it so u n d s. T h e p itc h p e rc e iv e d w ill still b e th a t o f th e fim d am en tal, w h ich m ea n s th a t w e h e a r a lo w e r to n e th an the o n e ap p e a rin g in th e F o c u rv e , and rep aratio n is n e c essa ry (cf. fig. 1 )P T h is is o fte n th e case in w e a k ly p r o n o u n c e d e n d in g s : A lo w ton e is h eard and th e sig n al is reg iste red to h a v e a h ig h e r H z -v a lu e , (so m e tim e s sh o w in g a sh a rp rise w h ich is n o t th e re -and 'w h ic h w e c a n n o t m a k e o r h e a r' (H e n n in g R e e tz , p e rso n a l c o m m u n i cation).* W EAK ENDINGS p o se d a g rea t u n fo re se en p ro b le m in th e p itc h -ra n g e an a ly sis. H e re o n e h a s to find th e h ig h e st an d th e lo w e s t H z-v a lu e in th e u n it, an d th e lo w e st v a lu e w ill o c c u r a t th e e n d o f a lo n g u n it, e sp ec ially so in a s ta te m e n t co n v e y in g n e w in fo rm atio n . S ø re n se n an d C o o p e r (1 9 8 0 :4 0 7 ) affirm th a t 'T h e g en era l d ire c tio n o f F o in a se n te n c e is d o w n w a rd . ...T h is g e n e ra l fall h a s b e e n term ed F o d e c lin a tio n .' G a r k and Y a llo p (1 9 9 0 :2 8 5 ,2 8 6 ) say th a t th e re '^q ie a r s to b e an a lm o st u n iv ersal ten d en c y in lan g u a g e , n a m e ly a m o d era te p ro g re ssiv e fall in p itc h fro m th e b e g in n in g to th e en d o f an y seq u en ce o f sp e ec h o f a p p re c ia b le l e n g t h .... T h e re h a s b e e n c o n sid e ra b le d e b a te a b o u t th e statu s an d c au se s o f d e c lin a tio a It h a s also b e e n su g g e ste d th a t d e c lin a tio n e ffe c ts are o b serv ed m ain ly in re a d in g alo u d ,... a n d th a t th ey a re m u c h le s s n o tic e a b le in th e p a tte rn s o f in fo rm a l s p e e c h '.^ A n im p o rta n t p o in t in th is d isc u ssio n w o u ld b e th a t th e lin g u istic u n its in in fo rm a l sp e e c h w ill b e sh o rte r th a n sen ten ces (cf. B ro w n an d Y u le 1983). T h u s it is re a so n a b le th a t w e w ill g e t lo n g e r u n its in read in g , w h ic h is b a sed o n w ritte n te x t c o n ta in in g c o m p le te se n te n c es. T h is w o u ld m ak e th e d o w n d rift m o re n o tic e a b le in read in g . A c c o rd in g to L e h iste (perso ru d c o m m u n ic a tio n ) 'T h e lo n g e r th e u n it th e h ig h e r th e o n s e t h a s to b e .' S ø re n se n a n d C o o p e r (1 9 8 0 ) v e rify th a t th ere is a ten d e n c y fo r F o to start h ig h e r a t th e b eg in n in g o f a lo n g e r c o n s titu e n t C f. a ls o B ro w n e t al.
(1 9 8 0 :1 3 2 ): '... it d o e s seem th a t w h e n th e s p e a k e r h a s m o te g ro u n d to c o v e r sh e b e g in s h ig h e r'.
M IG lO INTONATION (cf. p . 1 ab o v e ) h a s to b e tac k led as a sp ecial id ie n o m e n o n . T h e term re fe rs to se g m e n ta l in flu e n c e o n t h e F o c u r v e o f w h ic h th ere a te tw o ty p es: th e in trin sic p itc h o f v o w e ls an d th e in flu en ce o f a cm iso n an t o n th e p itc h o f a fo llo w in g v o w e l (cf. L e h iste 1970 , L a d d an d S ilv erm an 1984, and R e in h o lt P e te rse n 1986). G o s e v o w e ls w ill h a v e h ig h e r p itc h e s th a n o p e n v o w els. 'In h eren t F o ' is a n o th e r term fo r th is (S ch effers, p e rso n a l c o m m u n ic a tio n ). A c c o rd in g to 143 L e h iste (ib id .) in trin sic p itc h a p p e a rs to b e a p h y sio lo g ic a lly co n d itio n e d u n iv ersa l. T h e p itch o f a v o w e l w ill in a d d itio n b e in creased b y a p rec e d in g v o iceless co n so n an t an d lo w ered b y a v o iced c o n s o n a n t in th e sa m e p o sitio n . T h is ty p e is referred to as 'co n tex tu al F o ' (S ch effers, ibid.), and 'c o a rd c u la to ry F o flu c tu a tio n s ' (R e in h o lt P e tersen , ib id .). Q a r k an d Y a llo p (1 9 9 0 :2 8 2 ) state th at 'T h e rea so n s fo r th is co n d itio n in g o f p itc h are n o t fu lly u n d e rsto o d .' A n d t 'H art e t aL (1 9 9 0 :1 4 -1 5 ) c o n te n d th a t m ic ro in to n a tio n 'c a u se s p e rtu rb atio n s, n o t in te n d e d b y th e sp eak er. E v id e n tly , su ch p e r tu r b a tio n s ... c a n n o t b e c o n sid e re d a s co n stitu e n ts o f th e p itc h c o n to u r as a lin g u istic e n tity ; b u t th e y m a k e th e in te rp re ta tio n o f F o c u rv e s in te rm s o f u n d e rly in g in to n a tio n p a tte rn s all th e m o te d ifflc u lL ' T1HE: 2.98819 sec VALUE: 0 
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F ig u re 2 : M SL P IT C H cu rve rep resen tin g 'W illia m w ent to b e d very e a rly th a t e v e n in g ' a fte r being cleaned a n d repaired.
In ex p e rie n c e d in th e field o f a co u stics I w elco m ed th e fo llo w in g sta te m e n ts o n m icro in to n atio n b y M S c h e ffe rs (ib id .), 'T h e s e e ffe c ts are rela tiv e ly sm all in siz e (so m e p e rc e n t) and d iffic u lt to d istin g u ish in th e F o c o n to u r o f a p h ra se b e c au se th e y a re o f th e sa m e o rd e r o f m a g n itu d e as th e in a c c u ra c y o f th e F o a n a ly sis m e t h o d .... n o a n aly sis m e th o d is p e rf e c t' an d 'y ou h a v e to lea rn to d e te c t e n o r s in F o m e a s u r e m e n ts .... In tea c h in g in to n atio n in a fo reig n la n g u a g e , h o w ev e r, you c a n s a fe ly ig n o re th e s e m in o r F o e x c u rsio n s sin c e it is g e n e ra lly ag reed th a t th ey are in v o lu n tary a n d p h y s io lo g ic a lly d riv e n '. O b v io u sly , in a le a rn in g situ atio n a n y th in g p h y sio lo g ica lly d riv e n w ill c o m e n a tu ra lly . In m y a n a ly sis I h a v e fo llo w e d C o llie r and T e rk e n (1 9 8 7 ) d e le tin g sig n a ls w h ich a re im p o s s ib le to d e te c t a u d itiv e ly (cf. fig . 1 ). (H o w e v e r, in o n e o f m y sen te n ces ( m 7 ) it se em s as i f in trin sic p itc h an d c o -a rtic u la to ry F o m ig h t h a v e an im p act to b e co u n ted w ith (cf. b elo w ).
W e sh all n o w tu rn to a m o re d eta ile d p rese n tatio n o f a su rv e y o f th e u se o f p itc h ran g e (PR) o f stu d e n ts o f E n g lis h from W e ste rn N o rw ay (H o rd alan d m o te p recisely ; 4 7 m ale and 74 fem ale in fo rm an ts). A s state d ab o v e, fin d in g s from th e e a rlie r a u d itiv e a n a ly sis w e re to b e co rttro lled b y lo o k in g at th e ac o u stic featu res o f p ro b le m s o b se rv e d and listed . T h e rea so n s fo r lo o k in g in to PR first w ere m ain ly p rac tica l. In to n atio n stu d ies d em an d u n its c o v e rin g a c e rtain stre tc h o f sp eech . A n d th u s th e first sen ten ce o f th e sto ry read w as d ig itized , rep re sen tin g an 'in to n a tio n u n it' in m o st o f th e readings.^ ^ In to n atio n a l 'e rr o r s ' lis te d (cf. n o te 10) w e re e x p e cte d to a p p e a r w ith in th e u n i t (T o start w ith d ig itiz in g th is s e n te n c e w as a p a rt o f le a rn in g to u s e th e M SL p ro g ra m m e . In a d d itio n it w a s a w a y o f b eco m in g fa m ilia r w ith th e u n k n o w n a c tiv itie s o f d ig itiz in g sp e e c h a n d a n a ly sin g aco u stic s o^ cu rv es).
E v e n a t a v e ry e a rly sta g e I h a d a n o tio n th a t a n a ly sin g o n ly th e first se n te n c e w o u ld b e u n sa tisfa c to ry as a b a s is fo r P R -studies. T h e re fo re , f o r so m e in fo rm a n ts tw o s im ila r se n te n c e s (4 an d 6 ) w ere d ig itiz e d as w ell. T h e s e h a v e n o t b e e n sy ste m atic a lly a n a ly se d y e t P ro fe s s o r L e h iste (p erso n al c o m m u n ic a tio n ) su g g ested th a t lo o k in g at tw o m o re se n te n c es (7 an d 12) m ig h t b e in terestin g . T h e reaso n s g iv en w e re th a t s e n te n c e 7 rq rre se n ts a y e s-n o q u e stio n , a n d se n te n c e 12 w o u ld g iv e th e lo w e st p o ssib le F o v a lu e , m a rk in g finality.^^ A c tu a lly , a s f o r s e n te n c e 7 a n e x tra h ig h o n se t m ig h t b e ex p e cte d , c a u se d b y a m ax im u m e ffe c t o f m ic ro in to n a tio n : a v o ic e le ss fricativ e i l l p rec ed in g the clo se vo w el M . B u t, se e n in rela tio n to se n te n c e 1, th e P R -v alu e o f se n te n c e 7 v aries from in fo rm an t to in fo rm a n t as 'T h e e ffe c t o f v o w e l in trin sic p itch is n e g lig ib le in u n a c ce n te d sy lla b le s' (L ad d an d S ilv e rm a n 1984 :31). A n d so m e rea d e rs h av e stre sse d s h e w h e re a s o th ers h a v e noL^Î t is w o rth n o tin g th a t th e read in g s u s e d fo r th e a u d itiv e a n a ly sis (fiv e fro m e a c h a re a ) w e re n o t all su ita b le fo r in stru m en tal an aly sis. In sp ite o f th e fa c t th a t th e se h ad b e e n c a re fu lly se le c te d as 'g o o d re a d in g s' and fit fo r au d itiv e a n aly sis, v e ry few c o u ld b e u sed fo r a c o u stic a n a ly sis. T h e re fo re , th e fin al resu lts rep o rted h e re c o v e r q u ite a few o th e r in fo rm a n ts, an d m a n y m o re in fo rm a n ts from e a c h area. T a b le 2a. 9 0 % ran g e in o cta v es from 1 st-o rd er D x a n a ly sis fo r 2 m a le and 2 fe m a le n a tiv e sp e ak e rs in 6 lan g u ag es S p e a k e rs 
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It is also in te restin g to see th a t th e o c ta v e v a lu e s fo r D a n ish in fig. 3 c o m e v e ry c lo se to th e m e a n P R v alu es o f th e p rese n t stu d y o f N o rw e g ia n sp eak ers.
T h e v a lid ity and v a lu e o f th e w o rk referred to c a n b e d iscu ssed . T h e p ro b le m o f th e u s e o f o n ly th e 1s t sen ten ce (so far) is o n e p o in t in q u e stio n (cf. n o tes 11 and 13).
P itc h range w ill v a ry in th e u se o f o n e and th e sa m e sp e a k e r at th e sa m e tim e as it is o b v io u sly lan g u a g e specific. H all (1 9 7 2 ) states th a t th e u se o f a w id e P R is o n e o f th e m o st c h a ra c te ristic featu res o f B ritish E n g lish . F u rth e r d e P ijp e r (1 9 8 3 :9 1 ) p o in ts to th e d iffe re n c e b e tw e e n B ritish E n g lish and D u tc h in th e to tal P R c o v e re d , in d ic a tin g a ratio o f 12:6 se m ito n e s, i.e. 1:1 /2 o cta v e. P R is reco g n ized a s a p a ra lin g u is U c f e a tu re ; n e v e rth ele ss, a c c o rd in g to E slin g an d W o n g (1 9 8 3 ) it ca n in flu en ce in tellig ib ility . A to o n a rro w ran g e g iv es a n im p re ssio n o f w e a rin e ss (cf. A b e 1980). T h u s lack o f in terest, w h ic h m ig h t am o u n t to im p o lite n ess, co u ld b e d e m o n stra te d u n in te n tio n a lly b y a N o rw e g ia n sp e ak in g E n g lish . A c c o rd in g to C ry stal (1 9 6 9 ) P R is a re g u la r an d im p o rta n t m e a n s o f em o tio n al ex p re ssio n . In sp ite o f P ro fe sso r L e h is te 's c o n te n tio n th a t P R is is o f n o in te re st lin g u istically (p erso n a l co m m u n ic a tio n ), it m u st b e said to b e o f in te rst c o m m u n ic a tiv e ly . In a sy m p o siu m o n 'In to n atio n : m o d e ls an d param eters* a t d ie X II In te rn a tio n a l C o n g re ss o f th e P h o n e tic S cien ces. A ix -en -P ro v e n c e , A u g u st, 1991, P ro fe sso r N o o te b o o m c la im e d th a t p h o n e tic i ans still k n o w to o little ab o u t th e so -calle d p a ra lin g u istic featu res. T h e p o in t is th a t sy n th e tic sp e ec h rev eals w h at featu re s are v ital fo r 'n a tu ra ln e ss'. T h u s k n o w le d g e ab o u t P R d iffe re n c e s m u st also b e o f in terest p ed a g o g ic ally .
F in ally , a few c o n c lu d in g rem ark s are in order.
T h e P C h a s m ad e p h o n e tic rese a rc h m o re a ccessib le, a s su c h stu d ies c a n b e p u rsu e d w ith o u t assistan ce and access to a lab o rato ry . H o w d e m a n d in g th is is w ill d e p en d o n th e b a c k g ro u n d o f th e a n a ly s t It is d iffic u lt to b e a m u lti-sp ec ia list. I w ould lik e to co n te n d th a t th o ro u g h lin g u istic an d p h o n etic k n o w led g e o f th e lan g u a g e to b e stu d ied is a m u s t as th is ta k e s a lo n g tim e to a c q u ire.
T h e aco u stics o f sp e ech m u st b e said to b e a m o re lim ite d area. It se em s a le s s tim e -c o n su m in g task to acq uire th e k n o w le d g e o f a co u stics n e e d ed to b e ab le to u se th e p ro g ra m m e s av a ila b le to d a y fo r th is k in d o f research . N e v e rth e le ss, a v isit to a p h o n e tic la b o ra to ry w o u ld n o d o u b t b e u se fu l. T o b e acq u ain ted w ith stu d ie s in sp e ec h p e rc e p tio n is a n e c essity . H e re h e lp is to b e fo u n d in rec e n t literatu re o n th e su b ject.
Notes
P r o s o d y co m p rises su p raseg m en tal featu re s o f sp e ec h su ch a s s tr e s s , to n e , an d q u a n tity . T h e term ir u o n a tio n refers to th e to n al m o v e m e n t o f an u tte ran c e , i.e. v a ria tio n s in p i t c h , o f w h ic h th e fu n d am en ta l to n e (F o ) is th e p h y sic al co rrela te. T h e F o c u rv e p ic tu re s th e fre q u e n c y o f th e v ib ra tio n s o f th e vocal co rd s. F o r th is p ro je c t so u n d c u rv e s h a v e b een p ro d u c e d o n th e P C sc re e n b y th e aid o f th e d ig itiz in g p ro g ra m m e M SL (cf. D ick so n 1985; L y sn e 1989).
T h e so u n d sig n al w a s tra n sfe rre d from a JV C ca sse tte rec o rd e r/p la y er. D e ta iled F o a n a ly sis h a s b e e n p e rfo rm e d b y th e ad d itio n al p ro g ra m m e M SLPITCH (cf. D ic k so n 1987).
S en ten ce s d ig itized fo r an aly sis: 1. W illiam w e n t to b ed v e ry e a rly th a t ev en in g .
. H e h a d n 't h eard Irom
Ja n e sin c e h e se n t h e r th e w ire.
3.
7.
8.
th e fact th a t th e fin e r th e p e rfo n n a n c e o f th e tec h n iq u e s ap p lied , th e m o re it b e c o m e s appraient h o w irre g u la rly th e v ocal fo lds v ib ra te '.
T h e re c o rd in g s u se d as m aterial h e re (a b y -p ro d u c t o f a d iag n o stic te st) w ere actu ally recorded in a sp e e c h -la b (class ro o m ) w ith 2 0 b o o th^e a d e r s ) . T h e e q u ip m e n t w a s th e ca sse tte reco rd er o f T a n d b e rg IS8 , ty p e: TCR 5 5 0 0 ,2 tra c k s, w ith attach ed h ead p h o n e.
In d ie M S L -p ro g ram m e th is is c o rre c te d b y ad ju stin g th e "co n fig u ra tio n file" as o n e listen s in w h ile c h a n g in g A ec d fy in g th e a p p ro p riate v alu es. In o u r c a se th is w a s n e c essa ry w h en chan g in g to a c o m p u te r w ith g re a te r ca p ac ity th a n th e o n e first ap p lied .
C f. c o m m e n t h e a rd in a N o rw e g ia n rad io (NRK) p ro g ra m m e o n m u sic : 'T ld e r m u sik k e n s v e rk tø y ' (= tim e is th e to o l o f m u sic ). T h is m ig h t also a p p ly to ^le e c h and hearin g . 1. T h e u n -E n g lish fin ish in g olT o f an in to n atio n u n it. W h a t c a n b e w ro n g w ith the fall/rise o f a N o rw e g ia n s p e ak in g E n g lish ? 2. T h e sta rtin g -p o in t/'o n s e t' is n o t h ig h en o u g h (as v erified b y teach in g ex p erien c e). 3. Is th ere a la c k o f u se o f 'p itc h ra n g e ' in 'N o rw e g ia n E n g lis h '? (a p h e n o m e n o n clo sely related to p o in t 2 ; a lso v e rifie d b y tea c h in g ex p e rien ce). 4 . T h e o v erall to n e p a tte rn in a u n it is n o t p a rticu la rly E n g lish ; d o w e m o v e ab o u t/ju m p u p on u n s tre sse d sy lla b le s w h ere n a tiv e sp eak ers k e e p a stea d y co u rse? 5 . W h at a re th e rea so n s fo r u n -E n g lish ry thm in 'N o rw e g ia n E n g lis h '? G s th is a q u e stio n o f tim in g /Ia c k o f d e a c c e n tin g ? )
11
. T h e c h o ic e o f th e first sen te n c e fo r P R -stu d ies h a s b e e n q u e stio n e d b y e x p e rts, as th e first se n te n c e w ill n o rm a lly b e p ro n o u n c e d o n a h ig h e r p itc h th a n w h a t fo llo w s (N o v en , S leth ei, an d L e h iste ) (p erso n a l co m m im icatio n ). B u t in th e re c o rd in g -situ a tio n th e in fo rm a n ts h a d to read a s e n te n c e in N o rw e g ia n in tro d u c in g th em se lv e s a s a start. (E x.: "D ette e r stu d en t n r B 18 V 7 9 ." (1 0 -1 2 sy lls, sta te m e n t, n e w in fo rm a tio n ; a s fo r th e c o d e se e b e lo w ). H o w far th is in tro d u c tio n in N o rw e g ia n in flu en ce d th e im m ed ia te ly fo llo w in g p e rfo rm a n c e in E n g lish w ill b e le ft h e re as an o p e n q u estio n ).
H o w e v e r, c o n s id e rin g th e fa c t o f th e h ig h e r p itc h o f th e first u n it, th is c a n n o t b e said to b e n e g a tiv e , o r m ak e th e w o rk p re s e n te d h e re p a rticu la rly u n re liab le , as it d o e s n o t su p p o rt, b u t r a th e r refu te th e u n d e rly in g h y p o th e sis and fin d in g s o f th is stu d y : th a t N o rw e g ia n s, w estern ers in p a rticu la r, d o n o t u s e en o u g h P R w h e n s jo a k in g E n g lish as th e ir o n se t is n o t h ig h errøugh.
T h e o rig in a l co d e o f th e stu d e n t/re a d e r is u sed as filen am e in th e P C d irecto ry : B refe rs to la b -n u m b e r, 1 8 to th e b o o th , V 7 9 refers to term (S p rin g 1979). T h e n u m b e r o f the se n ten ce is ad d ed to th is: B 18V 791 w ill b e d ie fU enam e o f th e se n te n c e 'W illiam w e n t to b e d v e ry e a rly th a t ev e n in g ' o f a read in g th a t c a n b e traced b ack to th e tap e.
12. S im ilarity h e re refe rs to k in d o f in fo rm atio n , len g th , an d g ram m atic a l stru ctu re .
13. I t w o u ld b e e n o rm o u sly tim e co n su m in g and d e m a n d in g a s fo r P C -c a p a c ity to g o in to all th ese sen ten ces in d etail. T h e re fo r, o n ly a few sp o t c h e c k s h av e b e e n m a d e , re v e a lin g P R -v a lu e s slig h tly d iffe re n t fro m th o se o f sen te n c e 1 as ex p e cted ; b u t so fa r th e h y p o th e sis b e h in d th is w o rk h a s n o t b e e n d isp ro v e d . O c ta v e v a lu e s o f o th e r u n its (se n te n ce s 4 , 6 , 7 , an d 12) a n a ly se d s o fa r (ab o u t 2 0 in n u m b e r) h a v e b e e n b e lo w th o se rep o rte d fo r R P (cf. fig . 4 .) 14. 'A s fo r v o w e l-in trin sic p itc h , th e d iffe re n c e in F o b e tw e e n d o s e an d o p e n v o w e ls m a y a m o u n t to th ree sem ito n es (0 .2 5 o ctav e). T h u s, it is p la u sib le th a t su ch a d iffe re n c e c a n b e p e rc e iv e d , e v e n in th e d y n a m ic situ a tio n o f sp e e c h m e lo d y , a n d e v e n th o u g h it h a s b e e n r e p o r te d ... th a t listen e rs ten d to a t lea st p a rtia lly co m p e n sa te fo r th e e ffe c t' ( t 'H a it e t al. 1990).
15. P ro fe ss o r F ry (UCL, 1976 , p e rso n a l c o m m u n ic a tio n ) su g g e ste d th re e in fo rm a n ts p e r a re a fo r au ral an aly sis o f sp eech. H e re o n e n eed n o t d istin g u ish b e tw e en m a le a n d fe m a le sp e ak e rs. In a n aco u stic a n aly sis, o n th e o th e r h a n d , th e se h a v e to b e k e p t a p a rt, b e c a u se o f p h y sio lo g ica l d ifferen ces. In th is stu d y I aim e d at liv e m ale an d fiv e fem ale v o ic e s from e a c h area. F o r so m e are as th e n u m b e r is lo w e r b e c au se o f th e la c k o f acc e p tab le reco rd in g s.
16. T h is stu d y w as ap p ro v ed o f b y P ro fe s so r L e h iste a s v a lid fo r c o m p a riso n (p erso n a l c o m m u n i catio n ). V e ry little is to b e fo u n d ab o u t P R in th e litera tu re. T h e re a so n fo r th is is e a sy to see 
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